Many novel optical and transport properties have been observed as bulk materials are reduced in thickness to create two-dimensional, quantum-well structures. One expects additional new physical phenomena to emerge if the dimensions of the materials can be reduced further. In the case of zero-dimensional quantum-dots (also called quantum-boxes or quantum disks) the effect of confinement in all three directions is to modify the density of states and increase the interaction between electrons and holes [1] . As a result large electroabsorption, refraction, and nonlinear optical effects are predicted.
Recently, much attention has been focused on the fabrication of quantum-dots from semiconductor quantum-well structures [1, 4] . A depletion layer width of 100-150 nm was found at the sidewalls by optical measurements [1] and magnetotransport measurements [5] . However In these experiments, the GaAs/AlGaAs quantum dots were formed from the quantum well structure shown in figure 1 figure 2 (curve (a) ). The peaks at 1.591 eV, 1.543 eV and 1.521 eV correspond to the QW excitonic emission from the 50 Â, 100 Â and 200 Â wells respectively. Emission from 800 Â well overlapped the GaAs bulk emission at 1.514 eV from the buffer layer and substrate. The low energy tail of the 1.514 eV emission may have resulted from impurities in the GaAs buffer or in the substrate. In the areas where the quantum-dots had been fabricated, the luminescence spectra from the etched areas, which still contained the 200 Â and 800 Â quantum-wells, had changed greatly from that shown in figure 2 curve (a). As shown in figure 2 (curve (b», the low-energy tails in curve (a) from the bulk GaAs layers dominated the whole spectrum. The Quantum-dots produced from the 500 nm diameter 50 Â and 100 Â quantum wells were examined by STEM-CL and the luminescence signal corresponding to the 50 Â and 100 Â wells was obtained from several individual dots. As may be deduced from figure 2 (curve (c» no changes in the emission energies and FWHM were detected in comparison with the two-dimensional quantumwell emissions of curve (a). In the approximation of infinite potential barriers, the confinement energies for an electron or a hole in a rectangular-shape quantum-dot can be given as [12] where m* is the effective mass of an electron or a hole; E is the confinement energy measured respectively upward from the bottom of the conduction band or downward from the top of the valence band and Lx, Ly and Lz are the vertical sizes and the lateral sizes of the quantum dot respectively. The ground state sub-band of the electrons in the conduction band or the holes in the valence band corresponds to ni = 1. The changes of the effective energy gap caused by lateral confinement of carriers for quantum-dots with diameters larger than 120 nm are less than 1 meV, so for 500 nm dots the energy shift would be unobservable in our experiments. Moreover, we observed a degradation of luminescence efficiency for the quantum-dots. There was a decrease by a factor of 0.5 for the 50 Â wells and of 0.2 for the 100 À wells in comparison with the luminescence efficiency of the unetched structures. This degradation may be due to a high non-radiative recombination velocity at the sidewalls surface, but comparison with other research work [8] , in which quantum-dots were fabricated from the same material as this work, the higher temperature applied in our experiment may also be responsible since temperature-enhanced diffusion enables more excitons to reach surface states. The difference between the degradation factors for the 50 À and 100 Â wells may be explained by the lower carrier diffusion coefficient for the narrower quantum-wells which results from the carrier localisation effect [13] . This means that the narrower the QW, the smaller the number of carriers which could reach the sidewall surface, and hence the weaker the surface effect. The integrated CL intensities from the dots formed by the 100 Â wells was also weak in comparison with that of the 50 Â wells, as is shown by the CL monochromatic images in figure 3 . Image (a) in figure 3 was taken at an energy corresponding to the 50 Â well emission while image (b) was taken from the 100 Â well emission. The ratio of the dot-image intensity to the background was much higher for the dots formed by the 50 Â wells than that for the 100 Â wells. The bright patch at the left of the images was a processing fault and the dot marked by an arrow was missing in image (a) but not in image (b). Our studies of free-standing quantum dots, fabricated by reactive-ion-etching reveals that significant surface damage occured at the directly etched surfaces and indicates that high resolution STEM-CL is very useful for studying the performance of individual dots. A loss of luminescence from quantum dots in comparison with the original quantum-well structure represents a serious challenge to the observation of new phenomena induced by decreasing dimensionality of low dimensional structures.
